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MAIM  CHAIN  NLO  POLYMERS  OF  FERROCENE 


Michat!  F  Wright*  and  Matthew  S.  Sigtnan 

Department  oj  Chemistry  &  Biochemistry, 
Utah  State  University,  Logan,  Utah  84322-0300 


Introduction 

In  the  previous  paper'  we  presented  the  synthesis  of 
linear  organometaliic  tnain-chatn  NLO  polymers.  Our  research 
has  continued  to  fTcus  on  ferrocene  based  NLO  polymers 
because  of  the  outstanding  results  obtained  by  Ma^er  and 
coworkers  using  crystalline  ferrocene  complexes.'  The  ability 
to  selectively  functionalize  the  cyclopentad ienyl  rings  of 
ferrocene  has  given  us  the  ability  to  prepare  elaborate 
organometaliic  NLO-phores.'*'  Lindsay  and  coworkers  recently 
presented  the  synthesis  of  a  new  class  of  main-chain  organic 
NLO  polymers.*  For  this  new  class  of  NLO  polymers,  the 
aligning  process  need  not  reorient  the  entire  pol3rmer  chain,  but 
rather,  only  fold  the  polymer  backbone  into  the  accordion 
shape. 


Spacer  belureen 


In  this  paper  we  present  the  synthesis  and 
characterization  of  organometaliic  polymers  with  the  potential 
of  adopting  the  accordion  macrostructure.  As  we  saw  in  the 
previous  paper,  the  use  of  the  Knoevenagel  condensation 
appears  to  be  the  most  effective  manner  to  prepare  poI}rmers  of 
good  molecular  weight  and  tractability. 


Results  &  Discussion 

Monomer  Synthesis  &  Characterization,  Selective 
muno-transmetalation  of  the  ferrocene  complex  (t)’- 
Cslf4SnBu,J,re''  followed  by  reaction  with  one-half  mol-equiv  of 
dimethyldichlorosilane  afforded  the  bridged  ferrocene  system  in 
45%  isolated  yield  (eq  1).  Separation  of  l(Ti*'C}H,SnBu,)Fe(q’- 
C^4))^lMe,  from  Snl}u«,  which  is  also  a  product  in  the 
reaction,  proves  to  be  very  difficult.  The  separation  is  made 
even  more  difficult  by  the  necessity  to  deactivate  the  alumina 
column  by  treatment  with  ether  prior  to  use.  It  turns  out  the 
most  efficient  route  to  1  is  to  use  the  Ws-fenocenyl  compound 
contaminated  with  SnBu4  (-10  mol-%,  the  exact  ratio  was 
determined  in  'H  NMR  spectra).  The  SnBu,  does  not  appear  to 
have  any  deleterious  effects  on  the  yield  in  the  final 
transmetalation  step.  Monomer  1  is  isolated  in  a  30%  overall 
yield  starting  from  {q*-C^,SnBuJ,Fe. 


SnBU3 


1.  one  molequiv 
n-BuLi 


(I) 


The  Ws(cyanoacetate)  monomers  2  were  prepared  by 
reaction  of  the  appropriate  diol  with  an  excess  of  cti>yi 
cyanoacetate  in  the  presence  of  a  catalytic  amount  of  Ti(OC,l  1,), 
(eq  2).'  At  the  completion  of  the  reaction  ihe  monomeis  are 
purified  by  crystallization  from  ethyl  acetate/ hexanes. 
Monomers  2a-c  are  white  crystalline  materials  which  can  l)e 
stored  at  ambient  temperature  for  numths  without 
decomposition. 


O 

NC  A 

H0.(CH2)„.0H  - 1 

Ti(OC4H9)4 


O  O 

40-60% 


23,  n  4 
2b.  n  <  6 
2C.  n  .  8 


(2) 


Copolymer  Synthesis  &  Characterization.  Our  initial 
strategy  to  prepare  the  accordion  copolymers  was  to  carry  out  a 
polycondensation  of  monomer  3  with  various  diols.  This 
method  appeared  highly  desirable  because  it  has  proven  very 
successful  for  main-chain  organic  NLO  polymers  prepared  thus 
far.  Monomer  3  is  treated  with  hexanediol  in  the  presence  of 
Ti(OC,H,),  (2  mol  %)  at  150  t  for  16  h.  The  product  of  the 
reaction  is  found  to  be  intractable  in  all  solvents.  Elemental 
analysis  data  is  close  to  that  anticipated  for  tire  polymeric 
product;  however,  the  lack  of  solubility  is  not  consistent  with 
other  results  we  will  present  later. 


The  results  above  suggest  that  the  reaction  conditions 
required  to  cany  out  the  Lewis  add  catalyzed  transesterification 
poiycondensation  are  having  deleterious  effects  on -the  ferrocene 
monomer  and/or  the  polymeric  product.  It  is  at  this  pmnt  we 
changed  our  stratepr  and  dedded  to  construct  the  polymer 
bad£one  through  the  Knoevenagel  condensation  naction.  For 
the  ferroceneca^xaldehydes  we  Hnd  ttds  reaction  to  proceed 
in  very  high  yields  and  can  be  accompibhed  using  very  mild 
reaction  temperatures  (25  -  50  °C).  This  reactimt  also  possesses 
good  functional  group  tolerance  because  of  the  mild  base  (t.e. 
KjCO,  or  DMA?)  used.  This  latter  point  will  become  important 
in  future  generations  of  NLO  polymers  being  prepared  in  our 
laboratory. 

Scheme  1 


4a , n • 4 
4b . n • 6 


The  copolymerization  of  monomers  1  and  2  b  carried  out 
by  heating  a  THF  solution  to  50  °C  in  the  presetKe  of  excess 
potassium  carbonate  for  12  h  (Scheme  1).  SpectroscofHc 
analysis  of  the  crude  polymer  indicates  a  mixture  of  £•  and  Z- 
isomers  are  formed  in  the  polymerization  reaction.  The  E/Z 
ratio  is  found  to  vary  in  the  range  of  5  to  10.  When  the 
copolymers  are  purified  by  predpitation  into  methanol  the  E- 
isomer  is  enriched  to  -95%.  Evidently  the  copol)'tt)er  which 
contains  ratio  of  Z-isomers  exhibib  higher  solubility. 

The  accordion  main-chain  organometallic  polymers  are 
soluble  in  most  organic  solvents  {e.g.  benzene,  chloroform, 
dichloromcihane,  and  Icirahydrofuran)  and  for  4c  we  are  able 
to  cast  free-standing  films.  Gel  permeation  chromatography  of 
the  pol}uner5  show  that  comonomer  2c  afforded  the  highest 
molecular  weight  polymer  (M„  =  25,000).  Hlms  of  polymer  4c 
are  elastic  and  can  be  stretched  by  nearly  100%  of  their  original 
length  before  tearing.  The  lower  molecular  polymers  form 
films  which  ate  much  more  brittle. 

Concluding  Remarks 

In  this  study  we  have  demonstrated  the  feasibility  of 
preparing  accordion  organometailic  NLO  polymers.  The  key  to 
our  success  in  obtaining  the  novel  polymers  was  the  utilization 
of  a  Knoevenagel  poiycondensation  technique.  The  mild 
reactions  conditions  overted  deleterious  reactions  which  we 
seem  to  incurr  when  heating  fetrocenyl  NLO-phore  monomers 
in  the  presence  of  Lewis  acids. 


Experimental  Section 

Preparation  of  Copolymer  4.  A  solution  of  THF  (4  ml.) 
containing  {(q’-C|H»CHO)I^(t)*-QH,)},piMe,  (0.200  g,  0.41.1 
mmol),  CNCH,COj(CH0ACCH,CN  (0.104  g,  0.413  mmol),  and 
K,CO,  (0.35  g,  0.62  aniiird)  was  healed  at  50  “C  for  period  of  12 
h.  The  mixture  wft?  tillered  through  Celile  and  the  solvents 
removed  under  ifdjrcd  pressure.  The  cnide  prorluct  was 
dissolved  in  (hlotoform  and  prccipilaled  in  methanol,  llic 
copolymer  was  collected  and  washra  with  cold  methanol  (3  x 
25  mL)  and  then  dried  under  reduced  pressure  at  65  XT  for  24 
h. 

Copolymer  4c.  'H  (CDO,)  b  8.08  (s,  2  II),  4.92  (t,  /  = 
1.9  Hz,  4  H),  4.59  (t,  /  =  1.9  Hz,  4  H),  4.49  (I,  /  =  1.7  Hz,  4  11), 
4.25  (t,  /  =  6.5  Hz,  4  H),  4.14  (t,  )  =  1.7  Hz,  4  H),  1.72  (m,  4  II), 
1.39  (m,  8  H),  0.49  (s,  6  H,  SiCHJ;  'X:  NMR  (CDCl.O  b  163.1 
(C^OJ,  158.3  (=CH),  116.7  (CN),  97.6  (=QCN)),  75.1  (Cp  CIl), 
74.2  (Cp  CH),  74.16  (ipsaCp  CH),  73.9  (Cp  CH),  73.5  (i;«so-Cp), 
71.8  (Cp  CH),  66.1  (CXri!,),  29.0,  28.4,  2.5.7  (Cll.'s),  -1.4  (.SiCIL). 
IR  (CHjCy  Vo.,  2222,  v^o  1718,  and  v^r  1593  cm'.  Anal. 
Calcd  for  {C,H«FejN,04Si),  ;  C,  62.0.5;  M,  .5.53;  N,  3.84%. 
Found:  C,  61.70;  H,  5.44;  N,  3.76%. 
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